Noise exposure producing temporary threshold shifts (TTS) has been demonstrated to cause permanent changes to cochlear physiology and hearing function. Several explanations have been purported to underlie these longterm changes in cochlear function, such as damage to sensory cell stereocilia and synaptic connections between sensory cells and their innervation by spiral ganglion neurons, and demyelination of the auditory nerve. Though these structural defects have been implicated in hearing difficulty, cochlear responses to this stress damage remains poorly understood. Here, we report the activation of the cochlear immune system following exposure to lower level noise (LLN) that causes only TTS. Using multiple morphological, molecular and functional parameters, we assessed the responses of macrophages, the primary immune cell population in the cochlea, to the LLN exposure. This study reveals that a LLN that causes only TTS increases the macrophage population in cochlear regions immediately adjacent to sensory cells and their innervations. Many of these cells acquire an activated morphology and express the immune molecules CCL2 and ICAM1 that are important for macrophage inflammatory activity and adhesion. However, LLN exposure reduces macrophage phagocytic ability. While the activated morphology of cochlear macrophages reverses, the complete recovery is not achieved 2 months after the LLN exposure. Taken together, these observations clearly implicate the cochlear immune system in the cochlear response to LLN that causes no permanent threshold change.
Introduction
It has long been established that exposure to high-intensity noise compromises sensory cell viability and produces permanent hearing loss (Hamernik et al., 1980; Hamernik et al., 1984; Henderson and Salvi, 1998; Hu, 2012; Hu et al., 2000; Saunders et al., 1985; Sulkowski et al., 1981; Taylor et al., 1965) . Although high-level noise has been shown to cause the loss of cochlear cells and sensory cells in particular, low-intensity noise is more prevalent in real world circumstances. Though many individuals living in an industrial society may encounter high-intensity noise only on an infrequent basis, those same individuals are nevertheless likely to be exposed to longer durations of a lowerlevel noise (LLN) that causes only a temporary hearing loss. Even without permanent hearing loss, individuals who sustain LLN exposure can display signs of auditory symptoms. Such dysfunction includes difficulty in speech perception in noisy conditions, tinnitus, hyperacusis and auditory processing disorders (Bharadwaj et al., 2015; Hickox and Liberman, 2014; Schaette and McAlpine, 2011) . The underlying pathophysiological basis of these clinical symptoms have been attributed to damage to the synaptic connections between the inner hair cells and the spiral ganglion axons (Kujawa and Liberman, 2009; Kujawa and Liberman, 2015; Liberman and Kujawa, 2017; Liberman et al., 2016; Lin et al., 2011) , dyssynchrony of auditory afferent synapses (Roux et al., 2006; Starr et al., 2003) , and auditory nerve demyelination (Wan and Corfas, 2017) . While these observations suggest the role for neural structural pathogenesis in hearing difficulty, other factors that contribute to these changes following LLN exposure are not fully understood.
Cochlear immunity is an important regulator for cochlear homeostasis and diseases, and macrophages are the major executor in the cochlear immune system (Frye et al., 2017; Hirose et al., 2005; Lang et al., 2006; Okano et al., 2008; Sato et al., 2008; Tornabene et al., 2006; Yang et al., 2015) . Numerous researchers have demonstrated that the cochlear macrophage population surrounding the organ of Corti and cochlear neural regions expands in response to signals from these structures successive to sensory cell damage (Fredelius and RaskAndersen, 1990; Frye et al., 2017; Hirose et al., 2005; Ladrech et al., 2007; Sato et al., 2010; Tornabene et al., 2006; Wakabayashi et al., 
